Aromatic stacking in the sugar binding site of the lactose permease.
Major determinants for substrate recognition by the lactose permease of Escherichia coli are at the interface between helices IV (Glu126, Ala122), V (Arg144, Cys148), and VIII (Glu269). We demonstrate here that Trp151, one turn of helix V removed from Cys148, also plays an important role in substrate binding probably by aromatic stacking with the galactopyranosyl ring. Mutants with Phe or Tyr in place of Trp151 catalyze active lactose transport with time courses nearly the same as wild type. In addition, apparent K(m) values for lactose transport in the Phe or Tyr mutants are only 6- or 3-fold higher than wild type, respectively, with a comparable V(max). Surprisingly, however, binding of high-affinity galactoside analogues is severely compromised in the mutants; the affinity of mutant Trp151-->Phe or Trp151-->Tyr is diminished by factors of at least 50 or 20, respectively. The results demonstrate that Trp151 is an important component of the binding site, probably orienting the galactopyranosyl ring so that important H-bond interactions with side chains in helices IV, V, and VIII can be realized. The results are discussed in the context of a current model for the binding site.